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1. 

THREE-DIMIENSIONAL FABRICATION 
WITH CAVITY FILLING 

RELATED APPLICATIONS 

This application claims the benefit of U.S. App. No. 
61/719,874 filed on Oct. 29, 2012, the entire content of 
which is hereby incorporated by reference. 

BACKGROUND 

There remains a need three-dimensional printing systems 
capable of filling interior voids of a fabricated object with 
aesthetic or functional material(s). 

SUMMARY 

A three-dimensional printer is configured to fill interior 
cavities of a fabricated object with functional or aesthetic 
materials during fabrication. In general, a number of layers 
can be fabricated with an infill pattern that leaves void space 
within an exterior surface of the object. These void spaces 
can receive a second material Such as an epoxy or adhesive 
that spans multiple layers of the object to increase structural 
integrity. Similarly, aesthetic materials may be used to add 
color, opacity or other desired properties to a fabricated 
object. The Void spaces can also or instead form molds that 
are filled with a build material to provide a fabricated object. 

BRIEF DESCRIPTION OF THE FIGURES 

The invention and the following detailed description of 
certain embodiments thereof may be understood by refer 
ence to the following figures: 

FIG. 1 is a block diagram of a three-dimensional printer. 
FIG. 2 depicts an extruder for multiple build materials. 
FIG. 3 shows an extrusion head with two extruders. 
FIG. 4 illustrates a void-filling process. 
FIG. 5 shows a void-closing process. 
FIG. 6 shows a layered object with filled voids. 
FIG. 7 shows a method for cavity filling. 

DETAILED DESCRIPTION 

All documents mentioned herein are hereby incorporated 
in their entirety by reference. References to items in the 
singular should be understood to include items in the plural, 
and vice versa, unless explicitly stated otherwise or clear 
from the text. Grammatical conjunctions are intended to 
express any and all disjunctive and conjunctive combina 
tions of conjoined clauses, sentences, words, and the like, 
unless otherwise stated or clear from the context. Thus the 
term “or should generally be understood to mean “and/or 
and so forth. 
The following description emphasizes three-dimensional 

printers using fused deposition modeling or similar tech 
niques where a bead of material is extruded in a series of two 
dimensional paths to form a three-dimensional object from 
a digital model, it will be understood that numerous additive 
fabrication techniques are known in the art including with 
out limitation multijet printing, Stereolithography, Digital 
Light Processor (“DLP”) three-dimensional printing, selec 
tive laser sintering, and so forth. Any such techniques that 
may benefit from the systems and methods described below, 
and all Such printing technologies are intended to fall within 
the scope of this disclosure, and within the scope of terms 
such as “printer”, “three-dimensional printer”, “fabrication 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
system', and so forth, unless a more specific meaning is 
explicitly provided or otherwise clear from the context. 

FIG. 1 is a block diagram of a three-dimensional printer. 
In general, the printer 100 may include a build platform 102, 
an extruder 106, an x-y-Z positioning assembly 108, and a 
controller 110 that cooperate to fabricate an object 112 
within a working volume 114 of the printer 100. 
The build platform 102 may include a surface 116 that is 

rigid and substantially planar. The surface 116 may provide 
a fixed, dimensionally and positionally stable platform on 
which to build the object 112. The build platform 102 may 
include a thermal element 130 that controls the temperature 
of the build platform 102 through one or more active devices 
132, such as resistive elements that convert electrical current 
into heat, Peltier effect devices that can create a heating or 
cooling affect, or any other thermoelectric heating and/or 
cooling devices. The thermal element 130 may be coupled in 
a communicating relationship with the controller 110 in 
order for the controller 110 to controllably impart heat to or 
remove heat from the surface 116 of the build platform 102. 
The extruder 106 may include a chamber 122 in an 

interior thereof to receive a build material. The build mate 
rial may, for example, include acrylonitrile butadiene Sty 
rene (ABS), high-density polyethylene (“HDPL), poly 
lactic acid (“PLA), or any other suitable plastic, 
thermoplastic, or other material that can usefully be extruded 
to form a three-dimensional object. The extruder 106 may 
include an extrusion tip 124 or other opening that includes 
an exit port with a circular, oval, slotted or other cross 
sectional profile that extrudes build material in a desired 
cross-sectional shape. 
The extruder 106 may include a heater 126 to melt 

thermoplastic or other meltable build materials within the 
chamber 122 for extrusion through an extrusion tip 124 in 
liquid form. While illustrated in block form, it will be 
understood that the heater 126 may include, e.g., coils of 
resistive wire wrapped about the extruder 106, one or more 
heating blocks with resistive elements to heat the extruder 
106 with applied current, an inductive heater, or any other 
arrangement of heating elements suitable for creating heat 
within the chamber 122 sufficient to melt the build material 
for extrusion. The extruder 106 may also or instead include 
a motor 128 or the like to push the build material into the 
chamber 122 and/or through the extrusion tip 124. 

In general operation (and by way of example rather than 
limitation), a build material such as ABS plastic in filament 
form may be fed into the chamber 122 from a spool or the 
like by the motor 128, melted by the heater 126, and 
extruded from the extrusion tip 124. By controlling a rate of 
the motor 128, the temperature of the heater 126, and/or 
other process parameters, the build material may be extruded 
at a controlled volumetric rate. It will be understood that a 
variety of techniques may also or instead be employed to 
deliver build material at a controlled volumetric rate, which 
may depend upon the type of build material, the volumetric 
rate desired, and any other factors. All Such techniques that 
might be suitably adapted to delivery of build material for 
fabrication of a three-dimensional object are intended to fall 
within the scope of this disclosure. 
The x-y-Z positioning assembly 108 may generally be 

adapted to three-dimensionally position the extruder 106 and 
the extrusion tip 124 within the working volume 114. Thus 
by controlling the volumetric rate of delivery for the build 
material and the x, y, Z position of the extrusion tip 124, the 
object 112 may be fabricated in three dimensions by depos 
iting Successive layers of material in two-dimensional pat 
terns derived, for example, from cross-sections of a com 
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puter model or other computerized representation of the 
object 112. A variety of arrangements and techniques are 
known in the art to achieve controlled linear movement 
along one or more axes. The X-y-Z positioning assembly 108 
may, for example, include a number of stepper motors 109 
to independently control a position of the extruder 106 
within the working volume along each of an X-axis, a y-axis, 
and a Z-axis. More generally, the X-y-Z positioning assembly 
108 may include without limitation various combinations of 
stepper motors, encoded DC motors, gears, belts, pulleys, 
worm gears, threads, and so forth. For example, in one 
aspect the build platform 102 may be coupled to one or more 
threaded rods so that the threaded rods can be rotated to 
provide Z-axis positioning of the build platform 102 relative 
to the extruder 124. This arrangement may advantageously 
simplify design and improve accuracy by permitting an X-y 
positioning mechanism for the extruder 124 to be fixed 
relative to a build Volume. Any such arrangement Suitable 
for controllably positioning the extruder 106 within the 
working volume 114 may be adapted to use with the printer 
100 described herein. 

In general, this may include moving the extruder 106, or 
moving the build platform 102, or some combination of 
these. Thus it will be appreciated that any reference to 
moving an extruder relative to a build platform, working 
volume, or object, is intended to include movement of the 
extruder or movement of the build platform, or both, unless 
a more specific meaning is explicitly provided or otherwise 
clear from the context. Still more generally, while an x, y, Z 
coordinate system serves as a convenient basis for position 
ing within three dimensions, any other coordinate system or 
combination of coordinate systems may also or instead be 
employed. Such as a positional controller and assembly that 
operates according to cylindrical or spherical coordinates. 
The controller 110 may be electrically or otherwise 

coupled in a communicating relationship with the build 
platform 102, the x-y-Z positioning assembly 108, and the 
other various components of the printer 100. In general, the 
controller 110 is operable to control the components of the 
printer 100, such as the build platform 102, the x-y-Z 
positioning assembly 108, and any other components of the 
printer 100 described herein to fabricate the object 112 from 
the build material. The controller 110 may include any 
combination of Software and/or processing circuitry Suitable 
for controlling the various components of the printer 100 
described herein including without limitation microproces 
sors, microcontrollers, application-specific integrated cir 
cuits, programmable gate arrays, and any other digital and/or 
analog components, as well as combinations of the forego 
ing, along with inputs and outputs for transceiving control 
signals, drive signals, power signals, sensor signals, and so 
forth. In one aspect, this may include circuitry directly and 
physically associated with the printer 100 such as an on 
board processor. In another aspect, this may be a processor 
associated with a personal computer or other computing 
device coupled to the printer 100, e.g., through a wired or 
wireless connection. Similarly, various functions described 
herein may be allocated between an on-board processor for 
the printer 100 and a separate computer. All Such computing 
devices and environments are intended to fall within the 
meaning of the term “controller' or “processor as used 
herein, unless a different meaning is explicitly provided or 
otherwise clear from the context. 
A variety of additional sensors and other components may 

be usefully incorporated into the printer 100 described 
above. These other components are generically depicted as 
other hardware 134 in FIG. 1, for which the positioning and 
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4 
mechanical/electrical interconnections with other elements 
of the printer 100 will be readily understood and appreciated 
by one of ordinary skill in the art. The other hardware 134 
may include a temperature sensor positioned to sense a 
temperature of the surface of the build platform 102, the 
extruder 126, or any other system components. This may, for 
example, include a thermistor or the like embedded within 
or attached below the surface of the build platform 102. This 
may also or instead include an infrared detector or the like 
directed at the surface 116 of the build platform 102. 

In another aspect, the other hardware 134 may include a 
sensor to detect a presence of the object 112 at a predeter 
mined location. This may include an optical detector 
arranged in a beam-breaking configuration to sense the 
presence of the object 112 at a predetermined location. This 
may also or instead include an imaging device and image 
processing circuitry to capture an image of the working 
Volume and to analyze the image to evaluate a position of the 
object 112. This sensor may be used for example to ensure 
that the object 112 is removed from the build platform 102 
prior to beginning a new build on the working Surface 116. 
Thus the sensor may be used to determine whether an object 
is present that should not be, or to detect when an object is 
absent. The feedback from this sensor may be used by the 
controller 110 to issue processing interrupts or otherwise 
control operation of the printer 100. 
The other hardware 134 may also or instead include a 

heating element (instead of or in addition to the thermal 
element 130) to heat the working volume such as a radiant 
heater or forced hot air heater to maintain the object 112 at 
a fixed, elevated temperature throughout a build, or the other 
hardware 134 may include a cooling element to cool the 
working volume. 

In general, the above system can build a three-dimen 
sional object by depositing lines of build material in Suc 
cessive layers—two-dimensional patterns derived from the 
cross-sections of the three-dimensional object. As described 
below, three-dimensional printing may be augmented to 
accommodate multi-material builds. 

FIG. 2 depicts an extruder for multiple build materials. In 
general, an extruder 200 of a three-dimensional printer may 
include an extrusion head 202 with a feed 204 and a nozzle 
206, along with any suitable heating elements or the like as 
described above, along with a filament changer 208 and a 
processor Such as any of the controllers described above. 
The filament changer 208 may, for example include a first 

feed 210 and a second feed 212 that receive a first build 
material 214 and a second build material 216 respectively. 
The filament changer 208 may, for example slide horizon 
tally over a blade or other cutting edge to cut one of the build 
materials 214, 216 that is being moved away from the feed 
204 of the extruder 200 while moving the other one of the 
build materials 214, 216 into the feed 204 of the extruder 
200. In one aspect, each of the feeds 210, 212 of the filament 
changer 208 may have an independent feed drive motor so 
that the new filament can be fed into a drive motor of the 
extruder 200 in a controlled manner as a loose end of the old 
filament is driven into the extruder 200. In this manner, an 
adequate driving force can be maintained for the extrusion 
process while the build material is changing. More gener 
ally, the filament changer 208 may be configured in any 
suitable fashion to receive a first filament (such as the first 
build material 214) and a second filament (such as the 
second build material 216) and to selectively deliver one of 
these filaments as a build material to the extruder 200. The 
filament changer 208 may be configured to switch between 
these Supplies of material without interrupting the Supply of 
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material to the extruder 200, e.g., using the sliding structure 
described above; however it should be noted that the 
mechanical details of the filament changer 208 are not 
important, and any configuration capable of changing from 
one build material to another without an unrecoverable loss 
of extrusion from the extruder 200 may be suitable 
employed. 

In a similar manner, the filament changer 208 may be 
configured to receive and select among any number of 
additional build materials (in filaments or other form) for 
feeding to the extruder 200, and to controllably select one of 
the build materials for extrusion under control of a processor 
or other control signal Source. In other embodiments, two 
separate extruders may be alternately positioned along the 
tool path with similar affect. 
A processor (not shown) may be configured to control the 

rate of delivery of build material from the extruder 200 and 
to control a selection of the first filament or the second 
filament by the filament changer 208. The processor may 
include any of the controllers described above. The proces 
Sor may also control an X-y-Z positioning assembly as 
described above along with the extruder 200 and the fila 
ment changer 208 to fabricate an object from a three 
dimensional model. Where the three-dimensional model 
includes an exterior Surface with two colors, the processor 
may control the filament changer 208 to change between two 
different build materials (e.g., of the two colors) in order to 
reproduce the two colors on an object fabricated from the 
three-dimensional model. Thus the colors from the three 
dimensional model may be imparted on an exterior of the 
object according to the colors of the three-dimensional 
model, providing multi-color fabrication capabilities for the 
three-dimensional printer. 

While color switching is one useful application of the 
systems and methods described herein, it will be further 
appreciated that the same techniques may be employed to 
switch between multiple build materials for a variety of 
other reasons. For example, different build materials may 
have different optical properties (opacity, color, finish, etc.), 
different mechanical properties (elasticity, strength, melting 
point, etc.), different chemical properties (curing conditions, 
solubility, etc.), thermal properties (insulation, etc.), electri 
cal properties (conductance, etc.) and so forth, any of which 
might usefully be combined in an object fabricated from a 
model. The techniques described herein may be usefully 
employed to enable Switching of build materials in any Such 
multi-material models. 

In particular, the extruder 200 may be used to switch 
between a first material. Such as a build material, and a 
second material. Such as a Void-filling material, as generally 
contemplated below. 

FIG. 3 shows an extrusion head with two extruders. In 
general, a first extruder 302 may be used to extrude a first 
material and the second extruder 304 may be used to extrude 
a second material. The first material may be any material 
Suitable for fabricating a three-dimensional object, Such as 
any of the build materials described above. The second 
material may, for example, be any material useful for void 
filling, such as a foam, a resin, an adhesive, an epoxy, a glue, 
and so forth. 
As depicted, the first extruder 302 and the second extruder 

304 may be joined together in a shared extrusion head 300. 
This configuration advantageously permits shared control 
with a common X-y-Z positioning assembly Such as any of 
the positioning assemblies described above. However it will 
be understood that a three-dimensional printer may also or 
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6 
instead use extruders with separate positioning assemblies 
without departing from the scope of this disclosure. 

In another aspect, the second material may be a build 
material similar or identical to the first material. Thus, in 
certain aspects, a void may be filled with an extrudate of 
build material rather than a specialized adhesive or structural 
filler. Additionally, although the following description refers 
generally to a first extruder with a first material and a second 
extruder with a second material, it should be clear that the 
first extruder and the second extruder may be the same 
extruder, and/or that the first material and the second mate 
rial may be the same material (or the same type of material). 
For example, the first material and the second material may 
be a single type of build material, and may in certain 
embodiments be extruded alternately from a single extruder. 
While the first tool 302 may optionally be used to distribute 
such fillers, a different tool such as the second tool 304 may 
advantageously be optimized for high Volume dispensation 
(e.g., with a larger extrusion orifice) or otherwise adapted for 
use with various fill materials having different properties 
than typical build materials. 

In general, the extrusion head 300 may be controlled by 
a controller such as any of the controllers described above, 
and may be positioned by an X-y-Z positioning assembly 
under control of the controller to fabricate a three-dimen 
sional object within a build volume of a three-dimensional 
printer. 

FIG. 4 illustrates a void-filling process. An extrusion head 
400 such as any of the extrusion heads described above may 
be switched from a first extruder 402 for build material to a 
second extruder 404 for fill material. The fill material 406 
may be used to fill a void in an object 408 to any desired 
level of fullness. The fill material may, as noted above, be 
any foam, resin, adhesive, epoxy, glue, or the like. The fill 
material may also be a liquid, which may be left in liquid 
form, e.g., for an aesthetic effect, of the fill material may be 
a liquid that is curable into a solid form using, e.g., heat, 
light, time, curing agents, or the like. In another aspect, the 
fill material may include silicone or any other gel or the like, 
which may also or instead be deposited around an object 
during fabrication as a Support material. 

FIG. 5 shows a void-closing process. After a void 502 in 
an object has been filled with a fill material from a second 
extruder 504 of a dual extrusion tool head 506, a first 
extruder 508 may extrude in a path as generally indicated by 
an arrow 510 to enclose the void 502 with a layer 512 of 
build material. In this manner, the fill material may be 
enclosed within the void 502 to fill the corresponding void 
space within the object. This general technique may be 
adapted in a variety of ways as more generally discussed 
herein to achieve desired aesthetic and structural/functional 
results. 

FIG. 6 shows a layered object with filled voids. In general 
an object 600 may be fabricated from a number of layers 602 
with a number of cavities 604 that are filled with a fill 
material 606. The cavities 604 may created in any suitable 
shape. Such as cylinders parallel with the Z-axis, rectangles 
or other prismatic shapes, or any other shape or combination 
of shapes suitable for interstitial fabrication within an object 
to fill cavities 604. The fill material 606 may be a structural 
filler and/or adhesive used to improve strength across lami 
nation boundaries 608, i.e., between adjacent layers 602 of 
a layered fabrication. As shown in FIG. 6, these cavities 604 
and fill materials 606 may be staggered, overlapped, or 
otherwise positioned at predetermined locations relative to 
layer boundaries, object boundaries, and one another to 
achieve improved strength in a fabricated object. In particu 
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lar, this type of arrangement addresses a characteristic Z-axis 
weakness of certain layered fabrication techniques by pro 
viding Solid Support across layer boundaries. This can 
advantageously mitigate delamination or similar Z-axis 
structural disruptions in fabricated objects. 5 

Although shown as vertical cavities, in one aspect, the 
edges of adjacent ones of the layers 602 about the cavities 
604 may be offset horizontally from each other to provide a 
rough surface to improve bonding with the filler material. As 
another example, the Void may have a roughly circular 
cross-sectional shape (when viewed from along the Z-axis, 
i.e., from the top), with the circle in each layer offset relative 
to adjacent layers with some regular or irregular vertical 
pattern Such as a vertical V, a sine wave, or any other 
arrangement that shifts in the x-y plane from layer to layer, 15 
or after Some number of layers (i.e., vertically aligned for 
Some number of layers, and then shifting for some number 
of layers, and so forth). More generally a cavity 604 may 
move and change shape or size as it passes from layer to 
layer vertically through an object. 

FIG. 7 shows a method for cavity filling. 
As shown in step 702, the method 700 may begin with 

fabricating a number of layers of an object with a three 
dimensional printer. The object may be fabricated with a first 
material to provide an object having a number of layers that 
generally define an exterior surface of the object and an infill 
for the object within the exterior surface. The infill may 
further define one or more void spaces within an interior of 
the object. This may include space left in the interior by a 
regular (e.g., triangular, Square, rectangular, hexagonal) or 
irregular (e.g., random space filling) geometry of vertical 
walls, such as conventionally used to provide structural 
integrity for a three-dimensional object, and to provide 
Supporting structure for top surfaces where needed. In 
another aspect, the regular pattern of the infill may be further 
modified to provide additional cavities as contemplated 
herein. Thus a cavity may include Void space within a 
preexisting infill pattern, or a cavity may be an additional 
volume created within the object. In either case, a bottom 
surface may be provided for the cavity in order to control a 
volume within the object that is filled with a void-filling 
material. 
The first material may be any suitable build material, such 

as a build material selected from a group consisting of 
acrylonitride butadiene styrene (ABS), high-density poly 
ethylene (HDPL), and polylactic acid (PLA), as well as 
blends of the foregoing and or other materials, as well as 
colorants or other additives used for their aesthetic and 
functional properties. 
The void space of each cavity may take a variety of 50 

shapes, and have a variety of positions within an object. For 
example, the Void space may includes a prism extending 
through the number of layers, such as a rectangular prism, a 
triangular prism, a hexagonal prism, or a circular prism (i.e., 
a cylinder). Other shapes may also or instead be used for 55 
aesthetic affect, Such as by using the shape of a brand or 
logo, or a fanciful shape such as a bunny or a teacup. The 
prism may extend perpendicular to the number of layers, that 
is, along the Z-axis of a layered fabrication process. In 
another aspect, the prism may pass diagonally through the 60 
number of layers at an off angle from the Z-axis. 
More generally, each cavity may be formed by cross 

sectional shapes that vary from layer to layer in either or 
both of position and shape. For example, the Void space may 
be defined by a closed shape within each of the number of 65 
layers, where the closed shape in one of the number of layers 
has edges offset from at least one other closed shape in an 
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adjacent one of the number of layers. The closed shape in 
each one of the number of layers may offset relative to an 
adjacent closed shape in an adjacent one of the number of 
layers using an offset that varies (within the x-y plane of the 
fabrication process) from layer to layer. The offsets may be 
arranged in a regular vertical pattern Such as a sinusoid, a 
spiral, or a vertical V so that the center of the cross-section 
moves regularly from layer to layer (within the x-y plane and 
along the Z-axis) according to the regular vertical pattern. 

It will also be understood that any number of cavities may 
be used, and the Void space may include a plurality of prisms 
or other shapes extending through the number of layers. 
Similarly, each Such prism or other shape may start and stop 
at any suitable layer of the object, so that each one of the 
plurality of prisms has a top and a bottom each at a different 
layer height than another one of the plurality of prisms. 
More generally, a variety of engineering and structural 

analysis techniques may be usefully employed to select and 
optimize the position, shape, size, and length of Void spaces 
in the interior of a fabricated object. Without limiting the 
generality of the foregoing, the Voids may be placed and 
filled to improve overall rigidity (e.g., by filling with a 
lightweight, rigid foam), to improve layer-to-layer adhesion 
(e.g., by placing voids across structural weak points and 
filling with build material), or to control the color or opacity 
of the resulting object. Similarly, liquids may be used to 
completely or partially fill voids as a novelty, or to control 
the weight or dynamic balance of the resulting object. 
As shown in step 704, the method may include depositing 

a second material within the void space defined by the infill 
within the exterior surface. As noted above, the infill may 
inherently define void space that can be filled with the 
second material, or the infill may define further void spaces 
within the interior that are shaped and sized for specific 
structural or aesthetic results. 
The second material may be any of the build materials 

described above. The second material may also or instead be 
a structural filler or an aesthetic filler. For example, the 
second material may be a structural filler Such as a foam, a 
resin, an adhesive, an epoxy, or a glue, or any Suitable 
combination of these. The structural filler may be a curable 
adhesive or other curable Substance. As another example, the 
second material may be an aesthetic filler Such as a colored 
filler or an opaque filler used to control light transmitting 
properties of a fabricated object. The filler may also or 
instead be a liquid used to control light transmitting prop 
erties, dynamic balance, weight, or other properties of the 
fabricated object. 
As shown in step 706, the method may include fabricating 

at least one additional layer above the number of layers to 
enclose the second material within the Void space. This may 
be, for example, a top layer of the object that forms an 
exterior surface of the object after fabrication, or this may be 
an interior layer of the object used to enclose the void and 
contain the second material contained therein. In certain 
instances, such as where the second material serves some 
further purpose, it may be desired to leave the second 
material exposed on an exterior surface of the fabricated 
object, in which case the additional layer may be omitted 
and the object may be finished without enclosing a surface 
of the second material. 

While the foregoing description emphasizes a technique 
for filling void space within a fabricated three-dimensional 
object, it will be appreciated that the same method may be 
used to fabricate a mold that is filled with a second material 
to form a fabricated object. Thus in one aspect, the first 
material, the “build material.” may be used to fabricate a 
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mold having an interior shape or void space in the form of 
an object to be fabricated. This cavity may then be filled with 
a second material, nominally the “fill material discussed 
above, that serves as the actual build material by taking the 
shape of the interior mold and then curing or otherwise 
setting to form the fabricated object. In such embodiments, 
the nominal "exterior surface' described above is used to 
form an interior Surface of a mold, and the second material 
fills this interior surface to take the shape of a fabricated 
object. Thus in one aspect, the “exterior surface” fabricated 
with a first material may be the interior surface of a mold, 
and the second material used to fill a void may be used to fill 
this interior surface to create the fabricated object. 

It will be understood that this becomes a question of 
terminology. Using this mold forming technique, it may be 
similarly stated that the infill includes a void space formed 
as a mold, and that the second material is a build material, 
such as a curable or settable material that fills the void space 
to take the form of the mold, thereby providing a fabricated 
object that can be released from the mold after the second 
material has cured or set as appropriate. Regardless of the 
terms used, it should be clear that the techniques disclosed 
herein may be employed to provide a molding process that 
can be used to fabricate a three-dimensional object. This 
approach may be usefully employed for example to mold 
food items. For example, the second material may be a 
chocolate or similar confection heated to a liquid State and 
then poured into the mold formed by the first material to 
provide a molded chocolate treat. 
The methods or processes described above, and steps 

thereof, may be realized in hardware, software, or any 
combination of these Suitable for a particular application. 
The hardware may include a general-purpose computer 
and/or dedicated computing device. The processes may be 
realized in one or more microprocessors, microcontrollers, 
embedded microcontrollers, programmable digital signal 
processors, or other programmable device, along with inter 
nal and/or external memory. The processes may also, or 
instead, be embodied in an application specific integrated 
circuit, a programmable gate array, programmable array 
logic, or any other device or combination of devices that 
may be configured to process electronic signals. It will 
further be appreciated that one or more of the processes may 
be realized as computer executable code created using a 
structured programming language such as C, an object 
oriented programming language Such as C++, or any other 
high-level or low-level programming language (including 
assembly languages, hardware description languages, and 
database programming languages and technologies) that 
may be stored, compiled or interpreted to run on one of the 
above devices, as well as heterogeneous combinations of 
processors, processor architectures, or combinations of dif 
ferent hardware and software. 

Thus, in one aspect, each method described above and 
combinations thereof may be embodied in computer execut 
able code that, when executing on one or more computing 
devices, performs the steps thereof. In another aspect, the 
methods may be embodied in Systems that perform the steps 
thereof, and may be distributed across devices in a number 
of ways, or all of the functionality may be integrated into a 
dedicated, standalone device or other hardware. In another 
aspect, means for performing the steps associated with the 
processes described above may include any of the hardware 
and/or software described above. All such permutations and 
combinations are intended to fall within the scope of the 
present disclosure. 
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It should further be appreciated that the methods above 

are provided by way of example. Absent an explicit indica 
tion to the contrary, the disclosed steps may be modified, 
Supplemented, omitted, and/or re-ordered without departing 
from the scope of this disclosure. 
The method steps of the invention(s) described herein are 

intended to include any Suitable method of causing Such 
method steps to be performed, consistent with the patent 
ability of the following claims, unless a different meaning is 
expressly provided or otherwise clear from the context. So 
for example performing the step of X includes any Suitable 
method for causing another party Such as a remote user or a 
remote processing resource (e.g., a server or cloud com 
puter) to perform the step of X. Similarly, performing steps 
X, Y and Z may include any method of directing or con 
trolling any combination of Such other individuals or 
resources to perform steps X, Y and Z to obtain the benefit 
of Such steps. 

While particular embodiments of the present invention 
have been shown and described, it will be apparent to those 
skilled in the art that various changes and modifications in 
form and details may be made therein without departing 
from the spirit and scope of this disclosure and are intended 
to form a part of the invention as defined by the following 
claims, which are to be interpreted in the broadest sense 
allowable by law. 
What is claimed is: 
1. A method comprising: 
fabricating a number of layers of an object with a three 

dimensional printer using a first material to provide an 
object having a number of layers including an exterior 
surface and an infill within the exterior surface; 

depositing a second material within a void space defined 
by the infill within the exterior surface; and 

fabricating at least one additional layer above the number 
of layers to enclose the second material within the void 
Space. 

2. The method of claim 1 wherein the void space forms a 
mold for a three-dimensional object and the second material 
includes a build material for the three-dimensional object. 

3. The method of claim 1 wherein the infill is formed of 
a regular geometry. 

4. The method of claim 1 wherein the first material is a 
build material selected from a group consisting of acrylo 
nitride butadiene styrene (ABS), high-density polyethylene 
(HDPL), and polylactic acid (PLA). 

5. The method of claim 1 wherein the second material is 
a structural filler. 

6. The method of claim 5 wherein the structural filler is 
one or more of a foam, a resin, an adhesive, an epoxy, and 
a glue. 

7. The method of claim 5 wherein the structural filler is a 
curable adhesive. 

8. The method of claim 1 wherein the second material is 
an aesthetic filler. 

9. The method of claim 8 wherein the aesthetic filler is a 
colored filler. 

10. The method of claim 8 wherein the aesthetic filler is 
an opaque filler. 

11. The method of claim 8 wherein the aesthetic filler is 
a liquid. 

12. The method of claim 11 wherein the void space 
includes a prism extending through the number of layers. 

13. The method of claim 12 wherein the prism includes a 
rectangular prism or a cylinder. 

14. The method of claim 12 wherein the prism is perpen 
dicular to the number of layers. 
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15. The method of claim 12 wherein the prism passes 
diagonally through the number of layers. 

16. The method of claim 12 wherein the void space 
includes a plurality of prisms extending through the number 
of layers. 5 

17. The method of claim 16 wherein each one of the 
plurality of prisms has a top and a bottom each at a different 
layer height than another one of the plurality of prisms. 

18. The method of claim 1 wherein the void space is 
defined by a closed shape within each of the number of 10 
layers, where the closed shape in one of the number of layers 
has edges offset from at least one other closed shape in an 
adjacent one of the number of layers. 

19. The method of claim 18 wherein the closed shape in 
each one of the number of layers is offset relative to an 15 
adjacent closed shape in an adjacent one of the number of 
layers. 

20. The method of claim 19 wherein a number of offsets 
for a number of closed shapes in a number of layers are 
arranged in a regular vertical pattern. 2O 

21. The method of claim 20 wherein the regular vertical 
pattern includes a sinusoid or a vertical V. 
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